E vEn months to years after subarachnoid hemorrhage (SAH), increased irritability, personality changes, loss of interest and initiative, social problems, and emotional disturbances frequently persist. 6, 15, 16, 23, 25, 28, 29, 31, 34, 35, 38 These psychological changes and subjective complaints are also present even when the degree of neurological and/or cognitive impairment is relatively mild. 15, 16, 23, 25, [28] [29] [30] [31] 35, 38 Ropper and Zervas 35 and Ljunggren et al. 23 found that approximately 25% of their SAH patients with a good neurological result (Glasgow Outcome Scale [GOS] score of 1) exhibited substantial emotional maladjustment. The etiology of this psychosocial impairment has not been resolved conclusively. It can be speculated that these personality and emotional changes result directly of brain damage or can be regarded as an expression of chronic functional impairment. On the other hand, several authors have noted that the frequency and severity of emotional disturbances and personality changes after SAH are out of proportion to the typically rather moderate cognitive and neurological impairments of these patients. 15, 16, 23, 25, [28] [29] [30] [31] 35, 38 This discrepancy cannot be explained by a psychological reaction to persisting functional deficits or the social stigma associated with having had "trouble with the head." Therefore, the question about additional causes beyond brain damage for the psychological abnormalities occurring after SAH arises. Several authors have found that chronic posttraumatic stress disorder (PTSD) is far from being uncommon in patients who have experienced SAH, with rates ranging from 19% to 37% in the published literature. Object. Despite the progress made in the management of subarachnoid hemorrhage (SAH), many patients complain of persistent psychosocial and cognitive problems. The present study was performed to explore the significance of psychological traumatization by the bleeding with respect to psychosocial results after SAH.
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present study was performed to evaluate the hypothesis that the sudden catastrophic event of hemorrhage without prior warning acts as a psychological trauma leading to symptoms of PTSD or, below the threshold of PTSD, to chronic psychological distress caused by the fear of recurrent SAH. 12, 27, 32, 38 The aspect of psychological traumatization due to SAH offers an opportunity to explain the disparity between the extent of functional impairments and psychosocial disturbances found in this patient group, with the potential for important consequences for counseling and rehabilitation of patients who have had an SAH.
Methods
The study was conducted in accordance with all guidelines set forth by the approving local research ethics committee. In a cross-sectional study a series of 51 patients who had been treated for SAH at the Department of Neurosurgery of the University Hospital Aachen were invited for a neurosurgical late follow-up examination and a clinical interview. A set of questionnaires was mailed to the patients together with the invitation to fill them out and bring them back to the follow-up examination. The patients were identified from hospital records and met the following inclusion criteria: age not older than 65 years at the time of the acute event and an elapsed time since the event of 3-5 years prior to the follow-up study. The patients had to have sustained spontaneous nontraumatic SAH documented by cranial CT and/or lumbar puncture. The presence of any vascular malformation other than an aneurysm have been excluded by 4-vessel angiography. If no aneurysm could be documented, the patient had to have no other cause of the bleeding identifiable by CT and/ or angiography. Their neurological result at the 6-month follow-up had to be GOS score of 1 or 2 (good or fair outcome). 21 Three patients (7%) had died since being treated for SAH (2 of cardiovascular disease, 1 of cancer), and 2 (4%) had moved to an unknown address. After reassurance of anonymous handling their data, informed consent was given by all patients except one (2%), who refused participation in the study. Therefore, 45 patients (88%) fulfilling the study criteria could be examined. The mean (± SD) time to follow-up was 49.4 ± 4.4 months (range 40-58 months). The patients' mean age at the time of SAH was 47.1 ± 10.7 years (range 30-69 years). There were 20 men and 25 women in the study sample, 29 of whom had undergone surgery for treatment of a ruptured intracranial aneurysm. No single patient presented with a giant or multiple aneurysms. No source of the bleeding could be verified in 16 patients. A peri-mesencephalic bleeding pattern was not seen on CT in any case. The neurological outcome at the 6-month follow-up examination was rated as good (GOS score of 1) in 39 patients (87%) and as fair (GOS score of 2) in 6 (13%). The severity of SAH was classified according to the CT grading system of Fisher and colleagues, 7 while the neurological state on admission to the neurosurgical unit was rated according to the grading of Hunt and Hess. 20 Table 1 pre sents a summary of the source of SAH, the clinical grades on admission, and the severity of bleeding.
During the acute phase of the illness, mean blood flow velocities in the cerebral vessels were recorded daily by means of transcranial Doppler ultrasonography. The highest values measured were used for the present data analysis, because vasospasm during the acute phase of SAH may constitute a psychologically adverse event, due to its association with additional intensive care measures and the possibility of new neurological deficits. If the mean blood flow velocities exceeded 120 cm/sec, preventive hypertensive and hypervolemic therapy was initiated. 10 Every physical illness that might have had a bearing on the patients' quality of life and the level of psychological distress was documented at the late follow-up. Eleven patients (24%) had hypertension and 3 patients suffered from coronary heart disease, diabetes, or problems with the cervical spine.
Diagnosis of Chronic PTSD
We used the Structured Clinical Interview for DSM Diagnosis (SCID) 40 to make the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV) diagnosis of PTSD. 1, 4, 26, 32, 37 To reduce patient burden, we did not use the whole SCID, but only those sections of relevance for the diagnosis of PTSD. To minimize possible overlap between symptoms of SAH with symptoms of PTSD we used the following strategy: The SCID item pertaining to concentration problems was not used because it is tightly confounded with a typical cognitive consequence of brain damage. Furthermore, positive answers concerning sleeping problems were only counted, if they were related to thoughts, images, or feelings pertaining to aspects of the bleeding, its treatment, or any sequelae of the event (for example, problems with psychosocial reintegration). Sleeping problems after SAH are frequent and multifaceted as they may stem from damage to hypothalamic structures by the bleeding itself and/or surgical damage. The SCID question concerning memory deficits about the event was not counted if the patient arrived at the hospital intubated and sedated, if the patient had initially lost consciousness, or if clinical or neuropsychological examinations revealed substantial memory problems as a consequence of organic brain damage. The SCID interviews were administered by the first author (B.O.H.), who has several years of experience in diagnosing PTSD in patients with brain damage, and another certified clinical psychologist. At the time of the interview the interviewers had no information about the patients' clinical data or their questionnaire responses. The interrater accuracy was assessed by comparing results in a randomly selected subgroup of 10 patients who completed the SCID with both interviewers; there was 100% agreement between the interviewers with respect to the decision to assign a diagnosis of PTSD within this subgroup.
Assessment of Psychological Traumatization
The Impact of Event Scale (IES) was developed by Horowitz and colleagues as a short self-report measure for capturing the level of symptomatic response to specific traumatic stressors.
14 Horowitz et al. identified responses in the realm of intrusion and avoidance as the primary domains of measurement.
14 Therefore, the IES includes 2 subscales called "Intrusion" and "Avoidance."
We employed the German translation of the IES. 17 The instructions for the German version refer to the specific traumatic event (for example, "your brain bleeding") and ask about symptoms that were experienced during the past few days. Furthermore, the original scoring system of Horowitz et al. was altered into 0, 1, 2, and 3 for the responses "not at all," "rarely," "sometimes," and "often." Therefore, the maximum summary score of the German IES version is 45; the maximum scores for the Intrusion and Avoidance subscales are 21 and 24, respectively. We did not use the Arousal subscale of the IES because of the confusion with the psychosomatic and neuropsychological symptoms of diffuse brain damage such as the postconcussive syndrome after mild head injury. 4, 5, 8, 26, 32 In particular, arousal symptoms such as concentration deficits, irritability, and a heightened startle response are not only typical symptoms of mild head injury 4, 5 but also are among the most frequent late sequelae seen in patients after SAH. 15, 16, [23] [24] [25] 38 
Measurement of Fear of Recurrent Hemorrhage
The patients were asked to quantify how often they were afraid of another hemorrhage by means of a 5-step frequency rating (never, rarely, sometimes, frequently, or always).
Measurement of Depression
The German translation of the Beck Depression Inventory (BDI) 2 was used to assess depression. In several studies the BDI has been proven applicable to patients who have sustained SAH. 15, 16, 23, 31 
Assessment of Quality of Life
For the assessment of health-related quality of life, the self-and proxy-rating versions of the Aachen Life Quality Inventory (ALQI) 18 were employed; this inventory is derived from the German version of the Sickness Impact Profile (SIP). 19 The SIP is widely used in clinical outcome research and has been proven to be applicable also in patients who have had SAH. 13 The ALQI focuses on illness-related restrictions in daily life and consists of the following 11 subscales encompassing 117 items: Mobility, Housework, Ambulation, Autonomy, and Activation (in German, "Aktivierung/Antrieb"), which together can be aggregated into a physical summary score; FreeTime Activities, Family Relations, Social Contact, Communication, and Cognition, which can be combined into a psychosocial summary score; and Work, which is, in general, not included into any summary score (and could not be in the present study only 19 patients worked regularly). The ALQI has so far been psychometrically verified in 231 patients with brain damage of mixed causes, including 189 patients who had SAH, demonstrating good internal consistency and clear indication of validity. 18 In the present study, the life companions' proxy ratings could be obtained in only 40 cases because 5 patients lived alone.
Statistical Analysis
The data were statistically analyzed using SPSS version 19, by means of which descriptive statistics, Pearson product-moment correlation coefficients, and chi-square tests were computed. Mann-Whitney U-tests, KruskalWallis, and median tests were employed to compare group medians. If adequate, we used nonparametric procedures to compensate for heterogeneous test score distributions and/or small group size. For statistical confirmation of differences in group means, Student t-tests were employed. The multiple linear hierarchical regression analyses were computed with stepwise inclusion of the predictors. The r 2 was adjusted for the standard error of the test score distribution. Because of multiple testing we restricted the level of significance to p < 0.01. 45 (100) 11 (24) 14 (31) 13 (28) 3 (7) 4 (8) 3 (7) 7 (16) 13 (29) 22 (49) * ACoA = anterior communicating artery; BA-bif = basilar artery bifurcation; ICA = internal carotid artery; MCA = middle cerebral artery; PCoA = posterior communicating artery. † Hunt and Hess grades: I = asymptomatic or minimal headache and slight nuchal rigidity; II = moderate to severe headache, nuchal rigidity, no neurological deficit other than cranial nerve palsy; III = drowsiness, confusion, or mild focal deficit; IV = stupor, moderate to severe hemiparesis, possibly early decerebrate rigidity and vegetative disturbances. ‡ Fisher CT grading scale: 0 = no blood detected; 1 = thin localized layer; 2 = thick layer in 2 of 3 subarachnoid compartments (basal cisterns, sylvian fissures, interhemispheric space) or 1 subarachnoid compartment and cortical surface; 3 = severe diffuse SAH or with thick layers in all 3 subarachnoid compartments or 2+ cortical surface.
Results

Frequency of PTSD
Chronic PTSD according to DSM-IV criteria was diagnosed by means of the SCID in 12 patients (27%) 3-5 years after SAH. Of these, 9 (75%) had been treated surgically and 3 (25%) had sustained spontaneous nontraumatic SAH of unknown origin.
Neither intraventricular hemorrhage (occurring in 10 cases) nor an intracerebral pattern of hemorrhage (occurring in 10 cases) had an effect on the frequency of PTSD (Pearson chi-square asymptotic p > 0.05 for both). There was no effect of sex, number of additional illnesses, or level of education (low, middle, high) on the emergence of PTSD in our patients (Pearson chi-square asymptotic p > 0.05 for each).
Traumatization After SAH
The mean IES Total score was 13.4 ± 8.7 (range 0-33). According to an arbitrary criterion, 10 patients (22%) with an IES Total score of up to 6 exhibited no or only a minimal degree of psychological traumatization, while 12 (26%) were moderately traumatized (IES Total score up to 13) and 11 (24%) were substantially traumatized (IES Total score up to 19). The remaining 12 patients (26%) were severely traumatized, with an IES Total score of more than 19. Chronic PTSD had also been diagnosed in all but 1 of these 12 patients. Those patients in whom chronic PTSD had been diagnosed exhibited a significantly more severe psychological traumatization according to the IES Intrusion subscale (t = -5.72, p < 0.000) and to the IES Avoidance subscale (t = -7.57, df = 43, p < 0.000) than the patients without PTSD. The surgically treated patients did not differ substantially from the patients who had SAH of unknown origin with respect to the degree of psychological traumatization in terms of the IES Intrusion subscale and the IES Avoidance subscale (p > 0.05). The presence of intraventricular or intracerebral blood on CT had no statistically significant effect on the intensity of intrusions or on avoidance activities as reported by the patients (median test, p > 0.05). The IES Intrusion subscale scores correlated with the initial clinical state according to the Hunt and Hess grading (r = 0.32, p < 0.01). The hemorrhage severity (Fisher grade) correlated with the frequency of intrusions (r = 0.35, p < 0.01). No substantial association emerged between the IES scores and maximum mean blood flow velocities on transcranial Doppler ultrasonography as an indicator for the severity of vasospasm, a potentially psychologically incriminating life-threatening complication (p > 0.05, respectively). There was no effect of sex (median test, p > 0.05), number of additional illnesses, or level of education (low, medium, high) on the IES Intrusion and Avoidance scores in our patients (Kruskal-Wallis test, p > 0.05, for each). Table 2 shows how often the patients were still afraid of recurrent hemorrhage.
Fear of Recurrent SAH
One-third of the patients always or frequently feared recurrent hemorrhage and an additional 29% reported sometimes feeling fear even several years after the acute event ( Table 2 ). Another still felt occasional fear of a renewed hemorrhage, although only rarely, so that a total of almost two-thirds of all patients who had suffered SAH were at least occasionally subject to anxiety about recurrent hemorrhage. However, no significant difference with respect to fear about recurrent hemorrhage was found between the surgically treated patients and those with spontaneous SAH of unknown origin (U = 220.0, W = 380.0, p > 0.05). Those patients, who presented with chronic PTSD, reported fear of recurrent hemorrhage significantly more frequently than the patients without PTSD (U = 104.0, W = 370.0, p = 0.01). A close relationship between the severity of psychological traumatization and fear of recurrent hemorrhage was suggested by substantial correlations that shared approximately 40% of common variance between self-rated fear and the frequency of intrusions (r = 0.66. p < 0.001) and the score on the IES Avoidance subscale (r = 0.62, p < 0.001).
Depression
The mean BDI depression score was not significantly higher in the PTSD group than in the other patients (t = -1.54, df = 42, p > 0.05). Furthermore, scores on the IES Avoidance and Intrusion subscales were significantly correlated with severity of depression (r = 0.45 and r = 0.52, respectively; p < 0.001 for each). Table 3 gives an overview of the associations between the severity of psychological traumatization (IES) and self-and proxy-rated impairments of quality of life (ALQI).
Quality of Life
As can be seen in the table, the correlations between impairments in quality of life and intrusions are consistently higher than correlations scores with scores on the IES Avoidance subscale. Furthermore, the associations between proxy-rated impairments of life quality and intrusions tend to be consistently stronger than associations with the degree of impairment in daily life as rated by the patients themselves.
Multivariate Analyses
To analyze the relative influence of the severity of hemorrhage (Fisher grade), clinical state on admission (Hunt and Hess grade), age, fear of repeated hemorrhage, and IES Total score on the quality of life after SAH (selfand proxy-rated ALQI Total score), 2 hierarchical regression analyses with stepwise inclusion of predictors were performed. The self-rated overall impairment (ALQI Total 
Discussion
SAH as Psychological Trauma
The onset of SAH is often described as a sudden detrimental shooting pain from the neck into the head of a severity never experienced before or as if being struck by lightning. It makes intuitive sense that the sudden, catastrophic event, like "a bolt from the blue," acts as a psychological trauma that leads to the symptoms of chronic PTSD. 1, 3, 15, [27] [28] [29] [30] 32, 37, 38 This hypothesis is strongly supported by the present data, with 12 patients (27%) having chronic PTSD even several years after the hemorrhage. This is in line with earlier findings of a PTSD frequency of 19%-37% after SAH, 1,3,27,28,37 a range of rates that is comparable to the range of 20%-33% reported in most studies of PTSD after traumatic brain injury. 4, 5, 8, 32 As of yet, it remains an open question whether 25% of the patients develop PTSD specifically as a consequence of the SAH or whether 25% of the population develops PTSD after any traumatic event. 37 Several findings suggest that beyond personality and psychosocial factors, the degree of perceived "life-threateningness" of the traumatic event constitutes a very important predictor for the subsequent development of PTSD. 12 There is some further evidence that there are differences in the risk of developing PTSD depending on the traumatic event itself; for example, the risk for PTSD seems to be much lower after myocardial infarction than after SAH or mild head injury. 37 It can be hypothesized that myocardial infarction is less likely to lead PTSD because of less overlap between symptoms of brain damage and PTSD than after SAH or other kind of brain injury. 37 In fact, there is substantial overlap between symptoms of SAH and PTSD, calling into question the adequacy of current tools for diagnosing PTSD in SAH patients. This problem was tackled in the present study by adjusting the diagnostic procedures to reduce the overlap to a minimum. McMillan 26 postulated that symptoms of organic brain damage such as the postconcussive syndrome after traumatic brain injury may at least in part also mimic symptoms of chronic PTSD. Therefore, it cannot be excluded that the frequency of posttraumatic disturbances diagnosed may be inflated by this overlap in SAH patients also. 1, 4, 5, 26, 28, 32 Future work should search for diagnostic tools that could differentiate more sensitively between symptoms of PTSD and symptoms of brain damage. In the present study we tried to reduce the risk of false-positives by several means: 1) using 2 independent raters, 2) excluding the IES Arousal subscale because the results of this subscale, in particular, can be confounded by symptoms of brain damage, 3) minimizing confusion by using interview and cross-validating questionnaire (IES) data, and 4) training interviewers to weigh all brain damage-associated symptoms less in diagnosing PTSD. 4, 5, 26, 32 In the present study, we found a substantial association between hemorrhage severity and the frequency of intrusive thoughts. Possibly, a more severe hemorrhage may be associated with events that are perceived by the patient as indicative of the life-threatening nature of his or her situation. There are many open questions to be answered by future research, including the search for psychological/psychosocial factors that might be associated with resilience and might tend to make patients resistant to PTSD after SAH. Understanding why some people develop PTSD and others do not could help in designing interventions to prevent the emergence of PTSD. The fact that almost two-thirds of all patients in our study had occasional or constant fear of recurrent bleeding constitutes an additional psychological stress factor. Noble et al. 27 found that 37% of 60 patients at a median of 18 months after the ictus exhibited chronic PTSD. Of these, 82% reported being fearful of SAH recurrence, while 52% of the patients without PTSD feared recurring SAH. Not only PTSD, but the frequent and intense fears of recurrent hemorrhage, explained up to 40% of the variance in the present study of the self-and proxy-rated impairments in daily life. Interestingly, no significant differences were found between the IES scores of the surgically treated patients and those with SAH without an identified source of bleeding. This result is surprising in that the surgically treated patients had to get over an on average more severe bleeding, a more severe clinical course, and brain surgery, and this could be expected to have had an additional traumatizing effect. On the other hand, the fact that the source of hemorrhage had been definitively treated by surgery and, therefore, on a rational basis, patients did not have to fear a recurrent bleeding, might have an unburdening effect on the surgically treated patients. However, there was also no significant difference with respect to fear about recurrent hemorrhage between the 2 groups. Logue et al. 24 evaluated 79 patients (66 surgically treated and 13 conservatively treated) between 7 and 101 months after SAH with a number of psychiatric tests and a psychiatric interview. In contrast to the general expectation, fear of a new hemorrhage was more common in the surgically treated patients than in those who had no documented source of hemorrhage (13 [19. 6%] of 66 and 1 [7. 6%] of 13, respectively). As early as 1953, Walton 39 reported that one-fourth of his patients who had suffered SAH exhibited a severe and often persistent fear of recurrent bleeding. In the study of Stegen and Freckmann, 38 79% of the patients were afraid of recurrent hemorrhage. Moreover, the traumatic effect of SAH may be aggravated by the circumstances accompanying the occurrence of the acute bleeding, which may be stressful in themselves or may involve a social stigma, as in the case of sexual intercourse. In this respect, Schievink et al. 36 found that 43% of aneurysm ruptures occurred in stressful situations, 34% in situations of physical strain (including sexual intercourse), 12% during sleep, and 11% under uncertain circumstances. Two of our patients with chronic PTSD had sustained the hemorrhage during sexual intercourse with individuals others than the partners they lived with. Also Ogden and coworkers 31 found a significant correlation with stressful life events and the hemorrhage in a retrospective study involving 257 consecutive patients who had suffered SAH. Germanò et al. 9 pointed out that SAH is such a frightening experience that the stress resulting from the fear of rebleeding may possibly explain the psychosomatic disorders so frequently found in patients after SAH, ranging from headache to chronic exhaustion and irritability.
Psychological Traumatization and Quality of Life
An increasing number of authors emphasize the disproportionate intensity of emotional responses after SAH in contrast to the relatively mild cognitive and neurological sequelae. 16, 23, [28] [29] [30] [31] 34, 35 Several authors provided evidence supporting the hypothesis that psychosocial impairment after SAH is heavily influenced by the psychological trauma. 1, 3, 15, 16, [27] [28] [29] [30] 34, 37 However, we cannot exclude the possibility that these marked emotional problems may stem, at least in part, from premorbid psychological stress. 1, 30, 33, 37 Lindberg et al. 22 speculated that inadequate coping is the major obstacle in the return to active life, particularly after an illness with a sudden onset. Hedlund et al. 11 found that maladaptive coping styles and a premorbid psychiatric history were related to worse life quality (as assessed by means of the 36-Item Short Form Health Survey [SF-36]) after SAH, more pronounced in the mental than in the physical domain. Therefore, the coping process after SAH should be analyzed in more detail in the light of these findings, in particular in patients with increased fear and those who develop chronic PTSD. 11, 12 Remarkably, the present study showed a high correlation between the ALQI Cognition subscale and the intensity of psychological traumatization (IES). This finding may be explained by the fact that subjective cognitive complaints such as memory and concentration problems account for the core symptoms of PTSD.
Symptom Reporting and Brain Damage
In the present study we found several systematic differences between the patients and their partners with respect to responses on the quality of life questionnaire. It would be a task for future research to investigate these differences as observed in the present study. Our finding that the partners of patients who were burdened by intrusive thoughts rated them systematically as more impaired with respect to quality of life than the patients viewed themselves is of particular interest. There is also the possibility that beyond arousal other domains measured by the IES, such as intrusive thoughts and avoidance, may be affected by brain injury. In the case of the Intrusion subscale frontal located brain damage may weaken the patient's capacity to intentionally suppress unwilled spontaneous thoughts and/or images. 4 Avoidance may be increased as a consequence of a repressive coping style, which is frequent after brain damage, particularly in male patients. 4 On the other hand, increased avoidance may result directly from brain injury, leading to undue unconcern or neglect or simple unawareness of symptoms. One can speculate that patients with brain damage tend generally to under-report their symptoms; there is also the possibility that patients burdened by intrusions have the tendency to minimize their complaints. 4 Bryant 4 presented data that patients with PTSD often reduce symptom reporting. This hypothesis should be pursued in future work.
Conclusions
Independent of etiology, spontaneous SAH represents a persistent psychological trauma that frequently leads to the occurrence of chronic PTSD. Future studies should explore the effect of endovascular treatment on psychological traumatization as compared with that of surgical treatment of a ruptured intracranial aneurysm. It would be of particular interest to look for the psycho-traumatic impact of the different methods to treat unruptured aneurysms.
On the basis of our own findings and the data available in the literature, we are skeptical that physicians can help patients who have suffered SAH by reassuring them that recurrent bleeding can never occur, and in particular, we do not believe that one can prevent the emergence of PTSD with this kind of information. 27 It is more useful to sensitize neurosurgeons to symptoms of PTSD and refer patients to specialists so that PTSD may be diagnosed and treated as early as possible after SAH. Patients should be referred early for psychological counseling. Future research should identify possible risk factors determining who might fare worse psychologically and who will or will not have PTSD in order to prevent the psychological problems that are currently endemic in patients who have suffered SAH. Much research is needed to develop helpful interventions to prevent PTSD and fear about recurrent bleeding. Therefore, the traumatization of SAH patients should, in the future, be increasingly taken into consideration also for neuropsychological rehabilitation to prevent the occurrence of psychological disturbances. The development of specific psychotherapeutic interventions for the treatment of psychological trauma tailored to patients with brain damage is an important aim for future research in rehabilitation neuropsychology.
